The problem of robust damping control based on robust control theory has been formulated in this paper. This new formulation simplifies the procedure in selecting the appropriate weighting functions during the controller design process in comparison with the standard robust control designs. In addition, a new method of synthesizing a nominal model to reduce the uncertainty bounds has been proposed. The effectiveness of this new formulation is demonstrated in a power system damping controller design for a Static Var Compensator (SVC).
Introduction
Robust control theory has been greatly advanced since 1980's [l] . The most important feature of the robust control theory 11s that it can deal with the model uncertainties in an explicit form and guarantee the closed-loop system stability in the presence of such uncertainties. 0 1 1 the control system design for power systems, the stability and adequate damping are among the most important considerations. Since the operating conditions of power system are continuously changing, the inherent nonlinearity in the system becomes a major source of the model uncertainty. Therefore the formulation of the control design problem in the context of power systems to accommodate the uncertainties due to the operating condition changes is an interested topic in power systems. Several applications of robust control theory in power system control have been reported since late 1980's [2-81. In this paper, a new formulation based on robust control theory is described and an approach in dealing with the model uncertainties is proposed. An example of an SIVC controller design in a two-machine system is given.
The significance of this paper is to demonstrate how to formulate the dlamping control problem based on the robust control theory and how to consider the model uncertainties to achieve a successful design. It will be shown in this paper that the selection of the weighting functions has been made more transparent by using the new formulation.
The remainder of this paper is organized as follows.
Section 2 presents the damping control problem formulation. The practical considerations in selecting the weighting functions and evaluation of model uncertainties are given in Section 3. A design example is given in Section 4. A brief conclusion is shown in Section 5.
Standard robust control problem and new
formulation for damping control 2.1. €L. , mixed-sensitivity problem [9, 101 A typical feedback system is shown in Fig. 1 .
Fig. 1. Typical feedback system
For standard H , mixed-sensitivity problem, the design objectives are to:
1. minimize the sensitivity to the disturbance 44, 2. make the output As) track the reference input 3. stabilize the system under the presence of model To, uncertainties. To design the controller C(s) satisfying these objectives, two frequency dependent weighting functions W,(s) and W~(S) are applied to the sensitivity function S(s) and the complimentary sensitivity function T(s) respectively. The sensitivity function S(s) and the complimentary sensitivity function T(s) are defined as
The closed-loop system with the weighting functions and the model uncertainty is shown in Fig. 2 . . .
In Fig. 2 , A&) is the multiplicative model uncertainty which is defined as where Gds) is referred to as the nominal model and G(s) is the system model under any particular operating condition.
To design a robust controller using H,-optimization, the plant G(s) need to be augmented with appropriate weighting functions W,(s) and W3(s). The relationship among the augmented plant P(s), the model uncertainty and the weighting functions is shown in Fig. 3 . weighting function is not output but also the upp uncertainties. Therefore W2(s) the system stabili presence of the model uncertanties.
For damping control proble augmented system can be 228 with the state-space realization
The new design objective is to find a controller C ( s ) for the augmented system P(s) such that the closed-loop system transfer fuinction satisfies the norm inequality 
Controller Design procedures

Selection of weighting functions
As shown in Fig. 4 , the weighting function W&) is closely related the system output, y(s). In damping control problems, the design objective is to increase system damping, or in other words, to reduce the peak value of the clostd-loop transfer function in a particular frequency range. Therefore the larger the magnitude of W&) is at this frequency range, the more the peak value of the closed-loolp transfer function will be reduced. The magnitude of W3(s) is small in low frequency range since it is undesired to degrade the tracking characteristics of the closed-loop system. In high frequency range, large gain will magnify the measurement noise hence the magnitude of W3(s) is chosen high to suppress the effect of noise.
The selection of weighting function Wz(s) is not as straightforward as that of W3(s). In fact, the weighting function Wz(s) not only limits the controller output but also determines the robustness of the closed-loop system. 
Model uncertainties
There are many sources of model uncertainty in practical systems. In power systems, a major source of model uncertainty is the continuous change in operating conditions. As discussed in section 2, the model uncertainties can be considered as one of the factors in selecting the weighting functions.
To evaluate the model uncertainties, a nominal model Gds) is chosen as a reference model and the model of the system under other operating conditions can be expressed as
G(s) = (I+ A,(s))Go(s)
Since the controller to be designed must stabilize the system at all operating conditions, a rational function is chosen such that its magnitude is larger than that of the largest model uncertainty for all frequency of interest. This rational function will be used as a weighting function in the controller design process. However, if the model uncertainty is too large, it will be very difficult or even impossible to design a controller satisfying all X = A~x + BOU y =COX+ D~u design specifications. Therefore, how to accommodate the model uncertainties in the context of controller design is a very important issue in the design process. Since the model uncertainty is the modeling error relative to the nominal model, the selected nominal model will affect the model uncertainty calculated by (2). It is known that the smaller the model uncertainties, the better design can be achieved. Therefore, the optimal nominal model should be chosen such that the resulted model uncertainties are minimal. However, different models differ not Only in magnitude but also in oscillation frequencies, i.e., they have different by resonance peaks. In this case, it is impossible to select such "optimal" nominal model. If the resonance frequencies are close enough, a new model can be synthesized such that it will cover the peaks of all models. In this way, the model uncertainties can be reduced. For the controller designed based on the synthesized model, the stability of the original system can be guaranteed. However the performance of the closed-loop system with such a controller still needs to be evaluated to verify whether the controller satisfies all the design specifications.
In some cases, the oscillation frequencies are not close enough but they can be grouped according to some preset conditions. Several controllers can be designed for every group using the method described above to deal with the ne B &~ diagrams of the model uncertainties within each group. The disadvantage operating conditions are shown of this method is that it will introduce undesired chosen as the nominal model, switching of controllers. under the other three operating conditions Fig. 8 (b) . The method described here will be illustrated by an example in next section.
It can be seen that the model un stabilize the system with suc However, by using the 3, these models can be where is the state vecto the system output. 
The multiplicative model uncertainties can be evaluated 
Design example
The system being studied is shown in Fig. 7 . It consists of a two-area system with a SVC located in the middle of the transmission lines.
group 1 is shown in Fig. 9 referred to the new synth Fig. 9 (b).
The preset switching conditio The small disturbance responses of the two system are shown in Fig. 11 . The small disturbance is introduced by changing the set point of the SVC reference voltage by a short interval. Fig. 11 (a) shows the responses of two cases in group 1 under small disturbance and those of group 2 are shown in Fig. 11 (b) . (1) the new formulation can be used in damping (2) the new formulation simplifies the selection controller design in power systems, procedure for the weighting functions,
